Although poorly supported by the available literature, it is believed commonly that regional (spinal or extradural) anaesthesia carries a lesser risk than general anaesthesia. As far as we are aware, table I lists all the prospective, randomized studies on the mortality associated with surgical correction of upper femoral fractures carried out under regional or general anaesthesia. However, among the early studies, only that by McLaren, Stockwell and Reid (1978) demonstrated a significant decrease in short-term mortality with spinal anaesthesia. However, as the death rate following general anaesthesia was high (table I) , particularly when compared with data from our institution (Jensen and Tandevold, 1979) , the results of that particular study may not be generally applicable. Consequently, we decided to undertake an investigation of the mortality in patients undergoing the surgical correction of fractures of the proximal part of the femur under spinal or general anaesthesia. Furthermore, as no studies of long-term survival were available (before the paper by McKenzie, Wishart, and Smith, 1984) we included a similar assessment in the study.
SUMMARY

The mortality following surgical correction of upper femoral fractures was investigated in 578 patients, over the age of 50 yr, randomly allocated to receive spinal (bupivacaine) or general (enflurane or neurolept) anaesthesia. Thirty days after surgery the mortality was 6% after spinal and 8% after general anaesthesia (ns). Six months to 2 years after surgery the mortality was identical in the two groups.
There were no differences with respect to ambulation and discharge. The estimated blood loss was smaller (P < 0.05) in patients receiving spinal anaesthesia. Regard/ess of the anaesthetic technique, a high short-term mortality was related to age, male sex, and trochanteric fracture, whereas excess long-term mortality was related to male sex and high ASA scores.
PATIENTS AND METHODS
The investigation comprised 662 patients, 50 years of age or older, undergoing surgical repair of femoral neck or trochanteric fractures at the two departments of orthopaedic surgery at Gentofte Hospital between April 1980 and October 1982.
Criteria of exclusion were: pathological fractures; neurological disorders of the lower extremities; previous fracture of the vertebral column with sequelae; anticoagulant therapy, including low-dose heparin treatment; psychiatric disorders contraindicating regional anaesthesia; and skin infection at or near the site of lumbar puncture.
Provided no contraindications were present, the patient was included and randomly allocated to receive spinal or general anaesthesia. In all other respects the patients were treated according to the current practice in the departments involved. In most cases anaesthesia and surgery were undertaken by senior or junior registrars, general anaesthesia often by a nurse anaesthetist supervised by a registrar.
Preoperative management
With the exception of patients with a stable fracture of the femoral neck which permitted weight-bearing at once, we consider patients with fracture of the hip to be emergencies which require operative management on the first possible occasion. Thus, most patients underwent their operation during the evening or night, any delay being caused by the presence of a full stomach, a need for resuscitation, or by the presence of patients with a higher priority. In a few patients, surgery was delayed for several days because of the need for more extensive preoperative treatment.
Premedication
No premedication was given to poor-risk patients; in the others, premedication consisted of pethidine 25-75 mg, often supplemented with promethazine 12.5-25 mg, both administered i.m., approximately 30 min before the induction of anaesthesia.
Anaesthesia
Spinal anaesthesia. Following the administration of fentanyl 0.05-0.1 mg i.v., the patient was turned to the lateral position with concomitant traction of the fractured leg and, using a 22-gauge spinal needle, isobaric 0.5 % bupivacaine (3-)4 ml was injected to the subarachnoid space. After 5-15 min, analgesia had usually reached the lower thoracic segments, thus permitting the patient to be positioned for surgery. Oxygen (nasal cannulae) was supplied to many patients, as well as small doses of diazepam and fentanyl to decrease anxiety. Arterial hypotension, not readily restored by increasing the rate of an infusion of physiological saline, was treated with ephedrine in doses of 10 mg i.v. or 25 mg i.m. or both.
General anaesthesia. The anaesthetists were free to choose one of two anaesthetic regimens: (a) enflurane and nitrous oxide in oxygen with or without thiopentone at induction or (b) neurolept anaesthesia with droperidol, fentanyl and nitrous oxide in oxygen. In both techniques the trachea was intubated following neuromuscular blockade induced with suxamethonium or, more rarely, with gallamine. All patients having neurolept anaesthesia, and the majority of the patients receiving enflurane received gallamine to provide neuromuscular blockade during the surgical procedure.
Surgery and the postoperative period
The surgical procedures were internal fixation for trochanteric fractures and for femoral neck fractures in younger patients, whereas femoral neck fractures in disabled and in very old patients were treated with Moore's hemiarthroplasty.
In the postoperative period, mobilization and weight bearing were attempted from the 2nd or 3rd day. Antiembolic stockings were provided, but anticoagulant therapy was not given routinely. Antibiotics were not used. The postoperative rehabilitation programme included chest physiotherapy.
Data collection and statistical methods
Before the induction of anaesthesia the anaesthetist classified the patient according to the ASA grouping (Owens, Felts and Spitznagel, 1978) . During surgery blood loss was estimated and, if significant, was measured by swab weighing. In each patient the times of admission, mobilization, walking and discharge were recorded. Through the National Danish Bureau of Personal Registration the survival of the patients was studied for 10 months after the inclusion of the last patient in the study.
Data were analysed using standard methods for survival analysis based on the Cox model of proportional hazard (Cox, 1972; Kalbfleich and Prentice, 1980) as well as methods for analysis of contingency tables by log-linear and graphical models (Bishop, Fienberg and Holland, 1975; Edwards and Kreiner, 1983) . In addition to standard likelihood ratio and x 1 tests, hypotheses were tested by the gamma rank correlation for contingency tables by Goodman and Kruskal (1979) and the partial gamma coefficient of Davis (1967) .
Ethical aspects
It was decided not to obtain informed consent from the patients as to participation in the study because a large proportion of patients with hip fractures are old, and mentally unable to reach a logical decision.
In addition, both of the anaesthetic regimens used were standard procedures, and it was stated in the plan of the investigation that the rejection of the selected method of anaesthesia by a patient should always be taken into account. Nine patients were excluded from the study for that reason. Moreover, human research committees were not established in Denmark at the start of this investigation.
RESULTS
During the study period, a minimum of 152 patients underwent surgery for hip fracture but were not included in the study, mainly as a result of the exclusion criteria (table II) . The anaesthetist preferred to use a particular technique in 10 patients who did not fall into the criteria of exclusion. Of the 662 patients admitted to the study, 84 were later excluded by the authors for the reasons listed in table II, leaving data from 578 patients for consideration. Table III demonstrates that the two anaesthetic groups were comparable with respect to age, sex, type of fracture and surgical procedure. Classification according to the ASA criteria was applied to 508 patients: there were more patients in ASA group III in the general anaesthesia group, and more of group IV in the spinal anaesthesia group (P < 0.02) (table IV) . A correction for this uneven distribution was made when comparing the mortality rates. With the possible exception of ASA group IV, higher ASA scores were related to greater age (P < 0.005).
Internal fixation was a more time-consuming procedure than arthroplasty (51% and 35%, respectively, of cases lasting more than 60 min (P < 0.005)), but there was no difference between the two anaesthetic groups in this respect. Figure 1 demonstrates that the estimated blood loss-when recorded-was less during spinal than during general anaesthesia (P < 0.001). Bleeding was more pronounced in procedures of long duration (P < 0.005), and thus, indirectly, in patients requiring internal fixation.
Short-term survival is shown in figure 2 . At 30 days the mortality in the general anaesthesia group was 8.0%, compared with 6.0% in those patients undergoing spinal anaesthesia. Neither this difference nor the apparently different courses of the survival curves during the first 30 days were statistically significant. The 95 % confidence limits of the difference in mortality were±4%, meaning that there is a probability of 95 % that the gain in survival from using spinal instead of general anaesthesia was between +6 and -2%. There was a significantly (P < 0.05) lower mortality among females (4.7% v. 9.1 % in males) and among patients with femoral neck fractures (4.7 % v.9.1% among patients with trochanteric fractures (P < 0.05)). In addition, mortality increased with increasing age (P < 0.005). The technique of general anaesthesia had no influence on mortality. Figure 3 demonstrates the long-term survival related to anaesthetic regimen: there was no difference between the two anaesthetic groups. The annual mortality in a sample of the Danish population matching the study sample with respect to age and sex is very close to 10%. An increase in mortality was found for about 9 months after the operation (fig. 4) . The increase in long-term mortality was related to ASA scores (P < 0.0005), and sex (P < 0.02) (figs 4 and 5).
Information about the postoperative course is given in table V. It is evident that the two anaesthetic groups did not differ with respect to times of ambulation or discharge.
DISCUSSION
The number of patients not admitted to or excluded from the study may seem large. The criteria of exclusion were very restrictive; however, with the exception of "pathological fractures" (15 patients), the conditions contraindicating entrance to the study were not life-threatening, and there is hardly any reason to believe that these contraindications have markedly affected the results of the study.
As stated in table II, 34 patients were excluded because the method of anaesthesia was "not feasible". With a few exceptions this term covers difficulties in performing lumbar puncture. Although a 10% failure rate is rather high, it should be remembered that the majority of these anaesthetics was administered during the evening and night by junior anaesthetists.
Compared with other studies, our patients appear to be typical in regard to age (table I) and sex distribution (Fitts et al., 1959; Manpel, Marzulli and Boley, 1961; Colbert and O'Muircheartaigh, 1976; Jensen and Tendevold, 1979; Davis and Laurenson, 1981) . They were evenly distributed between the two anaesthetic groups with respect to age, sex and type of fracture and operation (table III) . As mentioned, the skew distribution with respect to ASA groups was corrected during the calculation of anaesthesiarelated mortality.
Although the data from the first postoperative weeks suggested a difference in mortality between the two anaesthetic groups ( fig. 2) , we did not find support for our hypothesis that spinal anaesthesia would carry a lower surgical mortality than general anaesthesia in patients with upper femoral fractures. Therefore, it is hardly surprising that the long-term survival was similar in the two groups ( fig. 3) . In most of the prospective, randomized studies listed in table I, general and regional anaesthesia were not found to be significantly different with respect to survival. An objection common to these studies is the small size of the sample and, thus, a high risk of committing type 2 errors. In contrast to these studies, McLaren, Stockwell and Reid (1978) and McLaren (1982) reported a considerably lower mortality 4 weeks after surgery of the fractured hip under spinal anaesthesia with Althesin sedation (7%) than following general anaesthesia with Althesin, nitrous oxide in oxygen and neuromuscular blockade (28%). A better preservation of blood flow to the lower limb during spinal anaesthesia and a reduced risk of thromboembolism was suggested as the explanation of the lower mortality in this group of patients. Similar results were reported by McKenzie, Wishart and Smith (1984) who found a mortality of 4.1% 2 weeks after surgery for hip fracture under spinal anaesthesia compared with 16% mortality when general anaesthesia (spontaneous respiration with halothane and nitrous oxide in oxygen following induction of anaesthesia with Althesin) was used. However, 8 weeks after surgery the mortality was close to 20% in both groups, and 1 year after surgery both groups had been decreased by approximately one-third.
There is no obvious single feature to explain why we were not able to reproduce the findings of the two Glasgow studies. The most striking difference between these studies and ours is the much lower overall mortality among our patients. Only a small part of this difference is explained by the fact that we included patients undergoing hemiarthroplastic procedures. The omission of these patients from our study would have caused an overall short-term and long-term mortality approximately 2 % higher.
The ASA classification of the patients of McKenzie, Wishart and Smith (1984) was not stated, whereas the patients of McLaren, Stockwell and Reid (1978) were estimated to be in a poorer condition than our patients, about 75 % belonging to ASA group III or IV. It is not likely that the entire difference from our ASA rating (24% belonging to ASA groups III and IV) can be attributed to inter-observer differences in rating (Owens, Felts and Spitznagel, 1978) . However, the annual background mortality in Glasgow (9 % according to McKenzie, Wishart and Smith (1984) ) is very similar to the background mortality of 10% in our area. Thus, any real difference in ASA scoring would depend on the acute condition rather than pre-existing disability, suggesting the possibility of improving the ASA scoring by preoperative resuscitation. It should be added that anaesthesia-related differences in mortality were not found in any ASA class.
It is important that a low initial mortality is not lost during the subsequent months. In our group of patients there was no increase in mortality after approximately 9 months, and the difference in mortality at 2 months between the present material and the study of McKenzie, Wishart and Smith (1984) was not only maintained throughout the first year, but increased by about 4 %.
The observation that short-term mortality depends on age and sex is in accordance with previous work, including the paper by Jensen and Tondevold (1979) who studied 1592 patients with hip fracture admitted to our hospital during the period 1971-77. The present study also showed that trochanteric fracture per se had a higher mortality than fracture of the femoral neck. Whereas Jensen and Tandevold attributed this difference to the greater age of the former patients, a recent refinement of the statistical methods is probably responsible for the different conclusions.
A longer duration of osteosynthesis was sufficient to explain the greater amount of bleeding during that operation when compared with hemiarthroplasty. In accordance with Davis and Laurenson (1981) and with authors studying other types of surgery (Hendolin, Mattila and Poikolainen, 1981; Modig et al., 1983) we also found less blood loss with regional than with general anaesthesia, possibly as a result of the lower arterial pressure.
Since it was often noted by the ward staff that the patients were doing better after spinal anaesthesia, we had expected to find earlier ambulation and discharge in that group. However, as was the case in the study of McKenzie, Wishart and Smith (1984) , the two anaesthetic groups were similar in this respect.
According to table V, the patients of the present study had a much shorter period in hospital (10-11 days) than the patients of McKenzie, Wishart and Smith (1984) (approximately 40 days). Since the investigation of Jensen and Tondevold (1979) in patients treated at Gentofte Hospital between 1971 and 1977, the duration of the stay in hospital has been more than halved. At the same time, mortality during the first year has been reduced from 27% to 19%, suggesting the possibility of a beneficial effect of early ambulation and discharge.
In conclusion, the existing evidence indicates that, under certain conditions, short-term survival may be better when surgical correction is performed under spinal anaesthesia. However, when general anaesthesia has a low mortality, spinal anaesthesia will probably not offer additional advantages. In all circumstances a reduction of short-term mortality by spinal anaesthesia is of limited interest as there are no indications of an increased long-term survival.
At present, regional anaesthesia seems superior to general anaesthesia with respect to the occurrence of deep vein thrombosis (Davis, Quince and Laurenson, 1980; Hendolin, Mattila and Poikolainen, 1981; Modig et al., 1983) and the amount of blood loss (Davis and Laurenson, 1981; Hendolin, Mattila and Poikolainen, 1981; Modig et al., 1983) , although only in some types of surgery. In patients with recent myocardial infarction, Reiz and colleagues (1982) found a lower incidence of myocardial ischaemia and possibly a lower re-infarction rate with thoracic extradural plus light general anaesthesia than with neurolept anaesthesia. In addition, it has been found that regional anaesthesia suppresses some endocrine (review by Kehlet, 1984) and immunological responses to surgical trauma (Rem, Brandt and Kehlet, 1980; Hole and Unsgaard, 1983) , but-as previously stated-a possible beneficial effect in terms of survival or recovery, or both, remains to be proven. The fact that differences in survival following spinal or general anaesthesia could not be verified-or ruled out-in the present study comprising almost 600 patients, does not encourage further studies of this type. Future investigations of relative anaesthetic risk should probably focus on well-defined risk groups and study indices which are more sensitive than mortality.
